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Figure 1. Schematic overview of the SOCA-BBP MLP-based algorithm that retrieves the vertical distribution 
of bbp from merged ocean colour satellite and Argo data associated with the day of the year of the 










Figure 2. Comparison of the reference bbp measurements acquired by Bio-Argo floats, bbp_Floats (a), with 
the values predicted by SOCA-BBP (b). Timeseries for a BGC-Argo float deployed in the North Atlantic 




Figure 3. Comparison of the bbp values retrieved by SOCA-BBP (bbp_SOCA) to the reference bbp 
measurements acquired by the BGC-Argo floats (bbp_Floats) using two different data sets: (a) the validation 
database (i.e., 20% of the entire database chosen randomly) with data ordered according to the 
dimensionless depth f; (b) the independent data acquired by four BGC-Argo floats not integrated in the 
training and validation databases with the colour code indicating the oceanic basins in which the BGC-Argo 
floats were deployed. The 1:1 line is shown in each plot. 	
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Additional	neural	networks	were	developed	(Fig.	4,	Sauzède	et	al.,	2017)	to	obtain	a	seasonal	view	
of	phytoplankton	biomass	together	with	macro-nutrients	as	well	as	phytoplankton	primary	
production	and	growth	rate.		Results	from	these	networks	demonstrate	that	a	basic	set	of	
vertically-resolved	variables	can	be	used	to	estimate	with	relatively	good	accuracy	a	series	of	
variables	that	are	critical	to	understand	ocean	biology	and	biogeochemistry	(Table	1).		
	
	
Figure	4.	Schematic	representation	of	the	CANYON	MLP-based	neural-network	algorithm	that	retrieves	the	
concentrations	of	nutrients	[NO3	
−,	PO4
3−,	and	Si(OH)4]	and	the	parameters	of	the	carbonate	system	in	seawater	(pHT,	
AT,	CT,	and	pCO2).	The	input	variables	are	measured	temperature,	salinity,	O2,	and	hydrostatic	pressure	(i.e.,	depth)	
together	with	the	geolocation	and	time	of	sampling.	Doy,	day	of	year.	
	
	
	
	
Table	1.	CANYON	retrieval	accuracy	(RMSE)	for	each	variable	in	each	of	the	eight	independent	zones.	
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Research	products	
The	second	part	of	our	AtlantOS	work	focused	on	investigating	the	extent	to	which	new	datasets	
can	allow	us	to	better	understand	the	biological	carbon	pump.	
First	the	synergy	of	satellite	and	in-situ	data	from	the	core-Argo	and	BGC-Argo	networks	was	to		
investigate	the	global	magnitude	of	the	seasonal	mixed-layer	carbon	pump	(Dall'Olmo	et	al.,	
2016).	This	process	refers	to	the	organic	carbon	exported	to	the	mesopelagic	zone	by	the	seasonal	
entrainment	of	surface	waters	in	deeper	layers	(Figure	5).	Our	results	demonstrated	that	the	
mixed-layer	pump	supplies	an	important	seasonal	flux	of	organic	carbon	to	the	mesopelagic	zone.	
We	estimated	that	this	process	is	responsible	for	a	global	flux	of	0.1–0.5	Pg	C	yr−1.	In	high-latitude	
regions	where	the	mixed	layer	is	usually	deep	this	flux	amounts	on	average	to	23%,	but	it	can	be	
greater	than	100%	of	the	carbon	supplied	by	fast	sinking	particles	(Figure	6).	We	conclude	that	the	
seasonal	mixed-layer	pump	is	an	important	source	of	organic	carbon	for	the	mesopelagic	zone.	
	
Figure	5.	Schematic	representation	of	the	seasonal	mixed-layer	pump.	In	the	spring	the	depth	of	the	mixed	layer	
(yellow	line)	reaches	its	maximum	annual	value.	Before	and	during	this	event,	ephemeral	stratification	events	can	
occur	due	to,	for	example,	intermittent	changes	in	the	heat	flux	from	negative	(out	of	the	ocean,	blue	arrows)	to	
positive	(into	the	ocean,	red	arrows).	These	stratification	events	can	result	in	new	accumulation	of	organic	matter,	
which	is	then	redistributed	over	the	water	column	by	subsequent	deep	mixing.	Eventually,	when	the	summer	
stratification	is	established,	the	deeply	mixed	organic	matter	remains	isolated	below	the	sunlit	layer,	resulting	in	an	
export	of	carbon.	Orange,	white	and	green	squares	and	circles	represent	small	particles	accumulated	within	and	below	
the	surface	mixed	layer	during	the	previous	summer,	and	produced	due	to	the	ephemeral	stratification	events,	
respectively.	
	
	
D7.9	BIO	EOV	Report	
  
	
	
	
Figure	6.	Global	estimates	of	particulate	carbon	export	by	the	mixed-layer	pump	(Etot).	Black	colours	refer	to	regions	
with	winter	mixed	layers	shallower	than	100	m	not	considered	in	this	study.	
	
	
Second,	in	order	to	gain	a	more	mechanistic	understanding	of	the	processes	regulating	the	
gravitational	export	of	particles,	we	have	focused	on	the	most	important	seasonal	biological	event	
that	injects	particles	in	the	mesopelagic	region:	the	spring	phytoplankton	bloom.	Our	study	area	is	
the	North	Atlantic.		
Data	from	BGC-Argo	floats	were	analysed	to	detect	and	extract	spikes	in	optical	data	(a	proxy	for	
large	aggregates,	Briggs	et	al.,	2011)	and	to	relate	these	spikes	to	the	surface	expression	of	the	
bloom	(i.e.,	surface	chlorophyll	concentration).	To	this	aim,	we	developed	an	automatic	method	to	
detect	plumes	of	chlorophyll	spikes	at	the	time	of	the	spring	bloom	(Figure	7).		
Results	show	that	export	of	large	aggregates	containing	fresh	algal	material	typically	occur	when	
the	surface	chlorophyll	concentration	begins	to	decline	after	its	maximum	surface	concentration	in	
the	spring	(Figure	8).		
	
	
	
Figure	7.	Example	of	depth	vs.	time	contours	of	chlorophyll	spikes	
extracted	from	a	BGC-Argo	float	(WMO	6901523).	Black	points	
represent	chlorophyll	spikes	that	were	considered	part	of	the	
export	plume.	Black	lines	are	the	fit	of	the	depth	of	the	spikes	vs.	
time	(continuous)	and	related	95%	confidence	intervals	(dashed):	
the	slope	of	this	fit	is	used	as	an	estimate	of	the	sinking	rate	of	
the	large	aggregates	(Briggs	et	al.,	2011).	White	points	and	lines	
are	the	automatically	discarded	outliers	and	fits	that	included	the	
outliers.	The	green	line	is	the	depth	of	the	euphotic	zone	and	its	
intersection	with	the	black	continuous	line	is	used	as	an	estimate	
of	the	start	of	the	export	event.	
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Figure	8.	Plumes	of	fresh	large	aggregates	occur	after	the	chlorophyll	reaches	its	peak	in	the	spring	in	the	North	
Atlantic.	The	black	line	is	the	average	surface	concentration	from	BGC-Argo	floats	that	recorded	measurable	plumes	of	
spikes	at	the	time	of	the	spring	bloom.	The	x-axis	is	the	time	from	the	start	of	the	export	plume	in	days.	The	vertical	
dashed	line	is	the	time	of	the	export	plume.	
	
	
Figure	9.	(Left)	Delay	between	export	event	and	time	of	chlorophyll	maximum	and	(right)	sinking	rate	vs.	maximum	
surface	chlorophyll	concentration.	
	
Specifically,	plumes	of	fresh	algal	material	are	typically	exported	between	1	and	17	days	after	the	
chlorophyll	reaches	its	maximum	surface	concentration	(Figure	9	left).	Moreover,	our	dataset	
suggests	that	the	time	between	the	chlorophyll	maximum	and	the	export	plume	is	positively	
related	to	the	magnitude	of	the	chlorophyll	maximum	(Figure	9	left).	On	the	other	hand,	no	clear	
relationship	was	found	between	the	maximum	concentration	of	chlorophyll	at	the	surface	and	the	
estimated	sinking	rates	(Figure	9	right).	
	
The	last	step	of	our	analysis	was	to	investigate	the	extent	to	which	the	intensity	of	the	export	flux	
can	be	predicted	from	surface	measurements.	Following	Briggs	et	al.	(2011),	export	rate	was	
defined	as	the	product	of	the	sinking	rate	and	spike	intensity	at	the	start	of	the	export	event.	The	
depth	at	which	the	export	flux	is	computed	is	the	bottom	of	the	euphotic	zone.	Among	the	
different	surface	indicators	analysed,	the	integral	of	the	surface	chlorophyll	concentration	from	
before	the	bloom	to	the	time	of	the	peak	of	the	bloom	showed	the	strongest	relationship	with	the	
D7.9	BIO	EOV	Report	
  
export	flux	(Figure	10):	export	rate	was	positively	correlated	to	the	integrated	chlorophyll	
concentration.	
In	summary,	this	investigation	demonstrated	that,	using	surface	data	detectable	from	space,	we	
can	predict	1)	when	an	export	event	of	fresh	algal	material	occur;	and	2)	the	approximate	strength	
of	the	export	flux.		
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	10.	Rate	of	export	of	fresh	aggregates	as	a	
function	of	the	maximum	surface	chlorophyll	
concentration.	
	
	
	
Concluding	remarks	
• Artificial	neural	networks	are	an	important	tool	to	exploit	the	large	amounts	of	data	
collected	by	satellite	and	BGC-Argo	floats	in	order	to	predict	oceanic	variables	at	depth	
from	surface	measurements.	
• Artificial	neural	networks	can	also	be	exploited	to	estimate	unmeasured	sub-surface	
variables	using	data	from	BGC-Argo	floats	or	other	autonomous	platforms.	
• The	potential	of	the	synergy	between	satellite	and	BGC-Argo	data	was	demonstrated	by	
investigating	the	seasonal	mixed-layer	pump,	a	previously	overlooked	process	that	is	part	
of	the	global	biological	carbon	pump.	
• High-resolution	measurements	from	BGC-Argo	floats	were	exploited	to	improve	our	
understanding	of	the	flux	of	fast	sinking	aggregates	containing	fresh	algal	material.	
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